Introduction
============

Bladder cancer is the 9th most common and the 13th most fatal type of cancer worldwide ([@b1-or-0-0-7196]). Approximately 75% of patients with bladder cancer have non-muscle invasive bladder cancer (NMIBC) and \~25% have muscle invasive bladder cancer (MIBC) or metastatic disease at the time of initial diagnosis ([@b2-or-0-0-7196],[@b3-or-0-0-7196]). Different molecular subtypes of bladder cancer have unique clinical characteristics and therapeutic responses. For instance, patients with 'basal' subtype of MIBC are known to have shorter disease-specific survival and overall survival rate ([@b4-or-0-0-7196],[@b5-or-0-0-7196]). MIBC is a highly lethal disease and its overall five-year survival rate is 30--50%, whereas that for metastatic bladder cancer is 5% ([@b3-or-0-0-7196],[@b6-or-0-0-7196]).

The tumor microenvironment (TME) consists predominantly of tumor cells, stroma and infiltrating immune cells. Immune cells in the TME may exert either tumor-suppressive or tumor-promoting effects. CD8^+^ T cells and natural killer cells (NKs) mediate antitumor functions, whereas tumor-associated macrophages (TAMs) and regulatory T cells (Tregs) serves as tumor-promoting agents ([@b7-or-0-0-7196],[@b8-or-0-0-7196]). As an important component of the innate and adaptive immunity, macrophages may polarize into different functional phenotypes, such as the classically activated M1 and the alternatively activated M2 macrophages, depending on the external stimulus ([@b9-or-0-0-7196]). Increasing evidence suggests that M2 macrophages could perform immunosuppressive functions and promote tumor progression and metastasis ([@b7-or-0-0-7196],[@b10-or-0-0-7196]--[@b12-or-0-0-7196]). It is therefore speculated that the M2 macrophages may have potential as immunotherapy targets ([@b7-or-0-0-7196]).

Recently, immunotherapy based on immune checkpoint inhibitors has achieved satisfactory results in the treatment of bladder cancer. However, this outcome was limited to only a subset of patients, since others failed to respond to this therapy ([@b13-or-0-0-7196]). Hence, it is important to determine the essential immune components and relevant mechanisms that affect tumor progression in order to improve the immunotherapy of bladder cancer.

The majority of previous studies on the TME associated with bladder cancer have mainly focused on a few types of immune cells and were performed on small numbers of samples ([@b14-or-0-0-7196],[@b15-or-0-0-7196]). There is no large-scale data based on big numbers of samples to identify important immune components in bladder cancer. To the best of our knowledge, the molecular mechanisms of immune activities in the bladder cancer microenvironment have not been sufficiently researched.

The present study aimed to explore the predominant tumor-infiltrating immune cell subsets in the bladder cancer microenvironment and the signals recruiting them. Bioinformatics methods were employed to analyze the immune infiltration profile and revealed that M2 macrophage infiltration levels were associated with the histologic grade, pathologic stage, and worse survival in bladder cancer. Bladder cancer-specific genomic alterations, such as gene mutation and copy number alterations, may be important drivers of M2 macrophage infiltration.

Materials and methods
=====================

### Gene expression datasets

The gene expression dataset (426 samples) and microRNA (miRNA) mature strand expression dataset (429 samples), based on RNA sequencing (RNA-seq) data from The Cancer Genome Atlas (TCGA) bladder urothelial carcinoma cohort, were downloaded from the University of California Santa Cruz (UCSC) xena browser (<https://xenabrowser.net/datapages/>). The gene expression data were presented as log2(x+1)-transformed RNA-seq by expectation maximization (RSEM)-normalized count values derived from TCGA level 3 data, and miRNA mature strand expression data were presented as log2(RPM+1)-transformed reads-per-million (RPM) values derived from TCGA level 3 data. The gene expression validation datasets were downloaded from Gene Expression Omnibus (GEO) database (<https://www.ncbi.nlm.nih.gov/geo/>) and European Bioinformatics Institute (EBI) ArrayExpress (<https://www.ebi.ac.uk/arrayexpress/>). The expression dataset of 224 samples in GSE32894, expression dataset of 142 samples in GSE48277, and dataset of 85 samples in E-MTAB-1803 were analyzed to confirm the results derived from the analyses of TCGA dataset in the present study. All expression data was provided as normalized data, after performing log2 conversion on GSE32894 and E-MTAB-1803 datasets.

### Clinical data

Clinical data of TCGA dataset were downloaded from the UCSC Xena browser, including histologic grade, pathologic stage and survival information for patients with bladder cancer. The molecular subtype information of TCGA samples was obtained from the supplementary file of the MIBC Molecular Characterization reported by Robertson *et al* ([@b3-or-0-0-7196]). Clinical data for GSE32894, GSE48277 and E-MTAB-1803 datasets were obtained from GEO and EBI ArrayExpress. The clinical data associated with the GSE32894 and E-MTAB-1803 datasets contained the molecular subtype information for each sample.

### Mutation and copy number alteration data

The mutation and copy number alteration data of TCGA samples were obtained from the supplementary file of the study reported by Robertson *et al* ([@b3-or-0-0-7196]). The mutation data of E-MTAB-1803 and GSE48277 were obtained from the detailed sample information.

### Data processing

Gene expression data, miRNA mature strand expression data, clinical data, mutation and copy number alteration data were integrated according to sample ID using Perl script. Values of GSE48277 dataset were log2 transformed by R script. The GSE32894, GSE48277 and E-MTAB-1803 datasets were further processed by R script. This included matching gene symbols, probes, calculating mean expression value for the gene symbol when several probes corresponded to one gene symbol, and defining mean value as the expression level of the gene symbol.

### Immune infiltration analysis based on single-sample geneset enrichment analysis (ssGSEA) scores

To investigate the immune infiltration landscape of bladder cancer, ssGSEA was performed to assess the level of immune infiltration (recorded as ssGSEA score) in a sample according to the expression levels of immune cell-specific marker genes. Marker genes for most immune cell types were obtained from the article published by Bindea *et al* ([@b16-or-0-0-7196]). Marker genes for M1 macrophages, M2 macrophages, myeloid-derived suppressor cells (MDSCs) and Tregs were obtained from published studies ([@b10-or-0-0-7196],[@b14-or-0-0-7196],[@b17-or-0-0-7196]--[@b25-or-0-0-7196]). The ssGSEA analysis was performed based on GenePattern environment ([@b26-or-0-0-7196]). To run ssGSEA online analysis (<https://cloud.genepattern.org>), gene expression dataset file (GCT file), immune marker gene set file (GMT file), and other parameters were uploaded as a set. Finally, the ssGSEA scores, representing infiltration levels of immune cells for individual samples, were presented in the output file.

### Immune infiltration analysis based on cell type identification by estimating relative subsets of known RNA transcripts (CIBERSORT) method

The CIBERSORT analytical tool was developed to analyze the 22 distinct leukocyte subsets in the tumors based on bulk transcriptome data ([@b27-or-0-0-7196]). CIBERSORT (<https://cibersort.stanford.edu/>) was employed to analyze the immune landscape of bladder cancer microenvironment based on the TCGA RNA-seq dataset. The TCGA RNA-seq dataset was used as the gene expression input and LM22 (22 immune cell types) was set as the signature gene file. The analysis was conducted with 1,000 permutations. The CIBERSORT values generated were defined as immune cell infiltration fraction per sample.

### RNA-seq analysis

A previous study from our group has used RNA-seq analysis of 10 tumor samples from patients with bladder cancer to identify novel prognostic biomarkers ([@b28-or-0-0-7196]). These RNA-seq data were re-analyzed in the present study to investigate the TME, as aforementioned. Primary sequencing data (raw reads) were subjected to quality control and aligned to hg19 human genome. Reads per kilobase million (RPKM)-normalized values were computed to quantify gene expression levels. RNA-seq analysis and data processing was conducted by Beijing Genomics Institute (Shenzhen, China). Subsequently, the normalized data was analyzed by ssGSEA to quantify the immune infiltration levels in the tissue samples.

### Immunohistochemical (IHC) assay

Formalin-fixed (10% formalin at room temperature for 24 h), paraffin-embedded tumor tissues were collected from 48 patients with bladder cancer (including the 10 patients enrolled in the aforementioned RNA sequencing analysis) diagnosed at Changhai Hospital, Shanghai, China, from December 2011 to June 2017. Written informed consent was obtained from all patients prior to surgery. The deparaffinized sections (4 µm thickness) were incubated in Tris/EDTA buffer (pH 9.0) for antigen retrieval. Subsequently, blocking of endogenous peroxidase and non-specific epitopes were performed using the UltraSensitive IHC kit (cat. no. KIT-9710; Fuzhou Maixin Biotech. Co., Ltd.). The slides were incubated with primary antibodies at 4°C overnight, then with biotin-conjugated secondary antibodies at 37°C for 30 min and with streptavidin-peroxidase at room temperature for 10 min, using the UltraSensitive IHC kit. Immunostaining of slides was performed with 3,3′ diaminobenzidine followed by counterstaining with hematoxylin, dehydrating, and mounting. All mounted specimens were scanned into high resolution digital slides through slide scanners NanoZoomer-S60 (Hamamatsu Photonics). The primary antibodies were as follows: Monoclonal mouse anti-CD68 antibody (cat. no. M0876; 1:100 dilution; Dako; Agilent Technologies, Inc.), monoclonal rabbit anti-CD163 antibody (cat. no. ab182422; 1:500 dilution; Abcam) and monoclonal rabbit anti-CD31 antibody (cat. no. ab207090; 1:2,000 dilution; Abcam).

The IHC results for CD68 and CD163 were analyzed via a combination of the scores based on the percentage of positively stained cells (0, negative; 1, \<15%; 2, 15--50%; 3, \>50%) and the scores based on the color intensity (0, negative staining; 1+, weak staining, light yellow; 2+, moderate staining, yellow brown; and 3+, strong staining, brown). Samples with IHC score ≤3 were defined as low expression, while samples with IHC score \>3 were defined as high expression. Microvessels were evaluated by CD31 IHC staining, as described previously ([@b29-or-0-0-7196]). Slides were first observed at ×100 magnification to identify hotspots with the highest density of microvessels and each hotspot was then evaluated at ×400 magnification. Any brown-staining endothelial cell or cell cluster was considered a countable microvessel.

### Statistical analysis

For ssGSEA scores, CIBERSORT values, miRNA expression values and microvessel counts, comparison between two groups was conducted using the Mann-Whitney test for data with abnormal distribution and Student\'s t-test for data with normal distribution. Survival analyses were performed using Kaplan-Meier curves and log-rank test. IHC results (scores) for CD68 and CD163 were analyzed by Chi-square test. Pearson correlation analysis was used to estimate the consistency between ssGSEA scores and IHC scores in assessing M2 macrophage infiltration, and between miRNA expression values and ssGSEA scores of M2 macrophage. Statistical analysis was performed using SPSS pack 13.0 statistical software (SPSS, Chicago, IL, USA) and GraphPad Prism 7.0 software (GraphPad Software, Inc.). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Immune landscape related to histopathologic characteristics of bladder cancer

To explore the influence of immune cells on the malignant progression of bladder cancer, first, the RNA-seq data of 426 patients with bladder cancer from TCGA database were analyzed to evaluate the immune landscape. The marker genes of the majority of types of immune cells were evaluated between low and high histologic grade bladder cancer samples in TCGA dataset. The results revealed that B cells, macrophages and M2 macrophages were enriched in high grade bladder cancer, as presented in the corresponding heat map in [Fig. 1A](#f1-or-0-0-7196){ref-type="fig"}. Given that ssGSEA had previously been implemented to determine the immune landscape in clear cell renal cell carcinoma by utilizing RNA-seq data ([@b7-or-0-0-7196]), the infiltration of each immune cell in the bladder cancer RNA-seq data was quantitatively analyzed using this method. The results indicated that B cells, macrophages, neutrophils, NK CD56dim cells, NK cells, T helper (Th) 1 cells, Th2 cells, MDSCs, Tregs and M2 macrophages were significantly enriched in high grade compared with low grade bladder cancer tissues ([Fig. 1B](#f1-or-0-0-7196){ref-type="fig"}). CIBERSORT was next applied to statistically estimate the relative proportions of immune cell subsets among different grades of bladder cancer samples in the TCGA dataset, following the method reported by Gentles *et al* ([@b27-or-0-0-7196]). It was demonstrated that the infiltration levels of macrophage subsets (M0/M1/M2) and CD4 cell subsets (memory activated/memory resting) were higher in high grade bladder cancer. Furthermore, M2 macrophages accounted for the largest proportion among the 22 subsets of tumor-infiltrating immune cells, suggesting that they may have a key role in the progression of bladder cancer ([Fig. 1C](#f1-or-0-0-7196){ref-type="fig"}). Data from the GSE32894 dataset were used to validate the composition and proportion of tumor-infiltrating immune cell subsets in bladder cancer. The results were consistent with those observed in TCGA dataset, with higher levels of macrophage and M2 macrophage infiltration in the high-grade tumors compared with the low-grade tumors ([Fig. 1D](#f1-or-0-0-7196){ref-type="fig"}).

The immune cell infiltration in different pathologic stages of bladder cancer was then explored. As presented in [Fig. 2A-C](#f2-or-0-0-7196){ref-type="fig"}, in the TCGA dataset, B cells, macrophages and M2 macrophages exhibited a high infiltration level in higher compared with lower stage bladder cancer, with M2 macrophages having the highest proportion. Furthermore, the infiltration levels of macrophages and M2 macrophages were positively associated with the pathologic stage of bladder cancer, as confirmed by the data analysis from the validation datasets GSE32894 ([Fig. 2D](#f2-or-0-0-7196){ref-type="fig"}) and E-MTAB-1803 ([Fig. 2E](#f2-or-0-0-7196){ref-type="fig"}).

In summary, the present results demonstrated that the infiltration levels or proportions of macrophages, especially M2 macrophages, were positively associated with histologic grade and pathologic stage of bladder cancer, suggesting that M2 macrophages may be involved in the progression of bladder cancer.

### Association of M2 macrophage infiltration with the prognosis of patients with bladder cancer

Kaplan-Meier survival curve analysis and ssGSEA scores were used to further explore the effect of M2 macrophage infiltration on the prognosis of patients with bladder cancer. In TCGA dataset, it was observed that patients with high infiltration of M2 macrophages had worse overall survival compared with patients with low infiltration ([Fig. 3A](#f3-or-0-0-7196){ref-type="fig"}). No significant difference was observed in patient survival with varying total macrophage infiltration ([Fig. 3A](#f3-or-0-0-7196){ref-type="fig"}). Patients in the validation dataset GSE32894 with high macrophage and M2 macrophage infiltration exhibited worse disease-free survival ([Fig. 3B](#f3-or-0-0-7196){ref-type="fig"}). Finally, patients in the validation dataset E-MTAB-1803 with high M2 macrophage infiltration (but not total macrophage infiltration) exhibited worse overall survival ([Fig. 3C](#f3-or-0-0-7196){ref-type="fig"}). Consequently, high infiltration of M2 macrophages was associated with poor prognosis in patients with bladder cancer.

### Validation of macrophage and M2 macrophage infiltration in bladder cancer

To confirm the infiltration of macrophages and M2 macrophages in tumor tissues from patients with bladder cancer in Eastern China, the present study calculated the immune infiltration scores for 10 newly collected tumor tissues with different histologic grades and pathologic stages (NMIBC or MIBC) via analyzing RNA-seq data with ssGSEA algorithm. It was demonstrated that higher grade and stage (MIBC) bladder cancer tissues had higher infiltration levels of macrophages and M2 macrophages, compared with lower grade and stage (NMIBC) bladder cancer tissues ([Fig. 4A](#f4-or-0-0-7196){ref-type="fig"}). Consequently, the infiltration of macrophages and M2 macrophages in the 10 samples was evaluated by IHC staining with anti-CD68 and anti-CD163 antibody, respectively. IHC scores revealed that there was high macrophage and M2 macrophage infiltration in higher grade and stage bladder cancer tissues (MIBC) compared with lower grade and stage (NMIBC) bladder cancer tissues ([Fig. 4B](#f4-or-0-0-7196){ref-type="fig"}). In addition, the IHC scores were consistent with the ssGSEA scores in the same bladder cancer patient. Pearson correlation analysis was used to evaluate the consistency between the IHC scores and ssGSEA scores, and the results revealed that the two methods were positively correlated, albeit not significantly ([Fig. 4C](#f4-or-0-0-7196){ref-type="fig"}). The reason for the lack of statistical significance may be related to the small numbers of samples used. Further analysis of the infiltration of macrophages and M2 macrophages in 48 tumor tissues by IHC revealed that macrophages and M2 macrophages were associated with the grade and the invasiveness/stage of bladder cancer, but not with age or sex ([Table I](#tI-or-0-0-7196){ref-type="table"}). To investigate the relationship between tumor-infiltrating M2 macrophages and angiogenesis, IHC experiments were performed for the evaluation of microvessel density via staining of CD31 in the 10 samples. The results revealed that there were more microvessels in higher grade and stage bladder cancer tissues and that the microvessel count was significantly higher in the CD163-high compared with the CD163-low tissues ([Fig. 4C](#f4-or-0-0-7196){ref-type="fig"}).

### M2 macrophage infiltration varies by molecular subtype in MIBC

Based on the high M2 macrophage infiltration in MIBC, further investigations were conducted on whether M2 macrophage infiltration was associated with the transcriptional molecular subtypes of MIBC. Analysis of the association of the RNA-seq data from TCGA database with the ssGSEA scores revealed that macrophages and M2 macrophages displayed significantly different infiltration levels among the MIBC subtypes ([Fig. 5A](#f5-or-0-0-7196){ref-type="fig"}), with the highest infiltration observed in the basal-squamous subtype, as defined by a previous study using TCGA dataset ([@b30-or-0-0-7196]). This was consistent with the aforementioned results, where the infiltration of macrophages and M2 macrophages was higher in bladder cancer with higher grade and stage and associated with low survival and poor prognosis of patients with basal-squamous subtype. In addition, macrophage and M2 macrophage infiltration was significantly higher in the basal-like subtype in the validation dataset E-MTAB-1803 ([Fig. 5B](#f5-or-0-0-7196){ref-type="fig"}), similar to the basal-squamous subtype in TCGA classification. Finally, it was confirmed in the validation dataset GSE32894 that macrophage and M2 macrophage infiltration was higher in the infiltrated and SCC-like subtypes ([@b5-or-0-0-7196],[@b31-or-0-0-7196]), which are similar to the basal subtype. These results indicated that the macrophage and M2 macrophage infiltration was associated with molecular subtypes of MIBC. Additionally, M2 macrophages accounted for the majority proportion of all subtypes of infiltrating macrophages in bladder cancer, as presented in [Figs. 1C](#f1-or-0-0-7196){ref-type="fig"} and [2C](#f2-or-0-0-7196){ref-type="fig"}, which indicated that the infiltration of M2 macrophages may provide a good estimate of the overall macrophage population in bladder cancer.

### M2 macrophage infiltration is associated with specific mutations in bladder cancer

The discovery that the infiltration of macrophages, especially M2 macrophages, was associated with malignant progression of bladder cancer and with the molecular subtypes of MIBC implied that specific intrinsic genomics might affect the infiltration of M2 macrophages. Therefore, the difference in M2 macrophage infiltration levels among different gene mutation types was explored. Analysis of a large number of mutant genes using ssGSEA algorithm in the TCGA dataset revealed that the M2 macrophage infiltration levels differed among multiple mutant genes. As presented in [Fig. 6A](#f6-or-0-0-7196){ref-type="fig"}, the M2 macrophage infiltration was higher in bladder tumor tissues with mutant TP53, RB transcriptional corepressor 1 (RB1), phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α (PIK3CA), lysine methyltransferase 2A (KMT2A), lysine demethylase 6A (KDM6A) and apolipoprotein B mRNA editing enzyme catalytic-polypeptide-like (APOBEC), but lower in tissues with mutant fibroblast growth factor receptor 3 (FGFR3), E74-like ETS transcription factor 3 (ELF3), PC4 and SFRS1 interacting protein 1 (PSIP1) and transmembrane and coiled-coil domains 4 (TMCO4). In the validation datasets E-MTAB-1803 and GSE48277, it was confirmed that M2 macrophage infiltration was lower in tissues with mutant FGFR3 ([Fig. 6B and C](#f6-or-0-0-7196){ref-type="fig"}); however, no significant difference was observed for the mutation status of TP53 and RB1 ([Fig. 6B and C](#f6-or-0-0-7196){ref-type="fig"}). In summary, M2 macrophage infiltration varied among bladder cancer mutant gene types, suggesting that specific mutations may influence M2 macrophage infiltration.

### M2 macrophage infiltration is correlated with specific copy number variations in bladder cancer

Further exploration was performed on whether there were differences in the M2 macrophage infiltration among different bladder cancer-specific copy number variations. It was demonstrated that the M2 macrophage infiltration was influenced by specific amplification types of copy number variations. The results of the ssGSEA algorithm in TCGA dataset indicated that the infiltration in the tissues with amplified FGFR3, erb-b2 receptor tyrosine kinase 2 (ERBB2), BCL2-like 1 (BCL2L1), telomerase reverse transcriptase (TERT) and tyrosine-3-monooxygenase/tryptophan-5-monooxygenase activation protein ζ (YWHAZ) and with deleted cyclin-dependent kinase inhibitor 2A (CDKN2A), CREB binding protein (CREBBP), AT-rich interaction domain 1A (ARID1A), fragile histidine triad diadenosine triphosphatase (FHIT), phosphodiesterase 4D (PDE4D), RAD51 paralog B (RAD51B), nuclear receptor corepressor 1 (NCOR1) and protein tyrosine phosphatase receptor type D (PTPRD) was significantly reduced ([Fig. 7A and B](#f7-or-0-0-7196){ref-type="fig"}, respectively). Thus, the intrinsic specific copy number variations of bladder cancer and related molecular mechanisms may influence the M2 macrophage infiltration in the TME of bladder cancer.

### M2 macrophage infiltration is associated with differentially expressed miRNAs in bladder cancer

To further investigate the mechanisms of modulating the tumor-infiltrating M2 macrophages in bladder cancer, miRNA expression data were analyzed between tissues containing wild type and mutant TP53, RB1, PIK3CA, KMT2A, KDM6A, FGFR3, ELF3, PSIP1, TMCO4, and APOBEC. There was not a specific miRNA consistently expressed differentially in all of the mutant genes. Since the PIK3CA mutation has been previously reported to be associated with macrophage infiltration ([@b32-or-0-0-7196]), miRNAs expressed differentially (P\<0.1) between wild type and mutant type of PIK3CA were selected. The differential expression of these miRNAs in the remaining mutant genes were analyzed in sequence. Seven miRNAs (miR-214-5p, miR-223-3p, miR-155-5p, miR-199a-3p, miR-199b-3P, miR-146b-5p, miR-142-5p), which were expressed differentially in at least three mutant genes and positively correlated with M2 macrophage infiltration, as well as expressed highly in high grade bladder cancer, were finally identified ([Fig. 8A-C](#f8-or-0-0-7196){ref-type="fig"}). The differential expression of these miRNAs in each copy number variant subtype and stage of bladder cancer was further analyzed ([Fig. S1](#SD1-or-0-0-7196){ref-type="supplementary-material"}).

Discussion
==========

The present study demonstrated that M2 macrophages were the predominant tumor-infiltrating immune cells in the bladder cancer microenvironment, most abundant in the 'basal' subtype of MIBC and associated with the histopathologic grade and stage, as well as the prognosis of patients. Furthermore, miRNAs expressed differentially due to cancer-specific genomic alterations were identified as potential triggers of M2 macrophage recruitment in the TME of bladder cancer.

Previous studies on the immune microenvironment of bladder cancer focused on a few selected immune cells, such as tumor-infiltrating dendritic cells (TIDCs), tumor-infiltrating lymphocytes (TILs), and TAMs (detected by immunohistochemical staining for CD68), and mostly involving a small number of samples ([@b14-or-0-0-7196],[@b33-or-0-0-7196]--[@b35-or-0-0-7196]). In the present study, ssGSEA and CIBERSORT algorithms were employed to explore the infiltration of various immune cells in a large-scale data and the results revealed that M2 macrophages were the main immune components in bladder cancer and were associated with the progression of tumors and the poor prognosis of patients.

Numerous studies have investigated the bladder cancer-associated macrophages, focusing on the role of macrophages in the treatment of bladder cancer with Bacillus Calmette-Guerin (BCG), neoadjuvant chemotherapy and immunological checkpoint inhibitors ([@b15-or-0-0-7196],[@b35-or-0-0-7196]--[@b37-or-0-0-7196]). However, few studies have focused on M2 macrophages. In the present study, high-throughput data obtained from multiple datasets were used to demonstrate the importance of M2 macrophages in bladder cancer progression.

Sjödahl *et al* ([@b14-or-0-0-7196]) observed that a high CD68/CD3 ratio reflected a poor prognosis among MIBC. Recently, Wu *et al* ([@b38-or-0-0-7196]) performed a meta-analysis and demonstrated that TAMs identified with CD68 alone were not significantly correlated with the prognosis of bladder cancer patients, but TAMs detected with CD163 were significantly correlated with poor relapse-free survival. Maniecki *et al* ([@b39-or-0-0-7196]) reported that CD163 mRNA expression in bladder cancer biopsies was associated with advanced tumor stages, aggressive tumor grade and poor overall survival. In addition, high tumor macrophage infiltration (by CD163-positive staining in IHC) was associated with advanced stage and tumor grade ([@b39-or-0-0-7196]). Aljabery *et al* ([@b40-or-0-0-7196]) assessed bladder cancer samples from cystectomy by IHC and observed that M2 infiltration was not correlated to stage or grade, but appeared to be inversely correlated with improved cancer-specific survival; however, patients collected in their study were all MIBC and patients with NMIBC, which account for \~75% of all bladder cancer, were not included. In the present study, NMIBC and MIBC samples were included and analyzed, and M2 macrophages were demonstrated to be associated with histologic grade and pathologic stage of bladder cancer, as well as prognosis of patients with bladder cancer, based on large-scale data bioinformatics analysis and biological experimental analyses (IHC for CD163). These results suggested that M2 macrophages may be potential targets for immunotherapy of bladder cancer. The increased infiltration of TAMs (M2-like) is associated with a poor response to BCG in patients with NMIBC ([@b35-or-0-0-7196]). The stromal immunotypes could effectively predict response to adjuvant chemotherapy, recurrence and survival in patients with MIBC ([@b41-or-0-0-7196]). Nowadays, several approaches (including depletion of TAMs, inhibition of monocyte recruitment into the cancer, blockade of M2 macrophages, reprogramming of TAMs toward M1 macrophages) have been evaluated as strategies to target TAMs in cancer ([@b42-or-0-0-7196]). Novel immunotherapies targeting M2 macrophages or their combination with immune checkpoint inhibitors may present promising results in the treatment of bladder cancer and other types of cancer ([@b43-or-0-0-7196],[@b44-or-0-0-7196]).

In the present study, it was observed that microvessel count was significantly higher in bladder cancer tissues with highly infiltrated M2 macrophages, which indicated that M2 macrophages may stimulate angiogenesis ([@b45-or-0-0-7196]). In addition, there were more microvessels in higher grade and stage bladder cancer tissues, which was consistent with the hypothesis that M2 macrophages promote neovascularization and cancer progression ([@b46-or-0-0-7196]).

Tumor intrinsic genomics were found to affect the composition of the immune microenvironment. Molecular subtypes of glioblastoma differentially activate the immune microenvironment and the tumor-promoting M2 macrophages exhibit a high association with the mesenchymal subtype relative to proneural and classical subtypes ([@b47-or-0-0-7196]). It has also been reported that TILs are associated with neurofibromin 1 and RB1 mutations, as well as epidermal growth factor receptor-amplified and homozygous PTEN-deleted alterations in glioblastomas ([@b48-or-0-0-7196]). In the present study, the levels of M2 macrophage infiltration varied among different bladder cancer molecular subtypes, with the 'basal' subtype of MIBC having the highest infiltration levels. Several gene mutations and copy number variations were associated in the current study with M2 macrophage infiltration in bladder cancer. Bladder cancer cells can produce factors, such as macrophage-colony stimulating factor or monocyte chemoattractant protein family-1, that trigger the amplification and mobilization of macrophages in the TME ([@b49-or-0-0-7196]--[@b51-or-0-0-7196]). Bladder cancer also affects macrophages by releasing and delivering miRNAs, which may impede the M1 phenotype polarization, drive M2 phenotype polarization of macrophages, or switch phenotypes from M1 to M2 by binding to downstream targets or macrophages ([@b9-or-0-0-7196],[@b52-or-0-0-7196],[@b53-or-0-0-7196]). The current results demonstrated that there were miRNAs expressed differentially in cancer-specific genomic alterations, related with M2 macrophage infiltration, and highly expressed in high grade and advanced stage of bladder cancer. Taken together, these results indicated that the bladder cancer-specific genomic alterations may lead to differentially expressed miRNAs, that may subsequently influence M2 macrophage infiltration and promote bladder cancer progression. It has been suggested that exosomes mediate the communication between tumor cells and macrophages ([@b54-or-0-0-7196],[@b55-or-0-0-7196]). Exosomes are a type of nanometric membrane vesicles released by cells into the extracellular environment, that regulate the biological activities of target cells via delivering DNAs, RNAs and proteins ([@b56-or-0-0-7196]). Consequently, it can be speculated that bladder cancer with special genomic alterations may promote the recruitment and polarization of M2 macrophages in the TME via exosomal miRNAs. Future studies are required to validate this hypothesis and to explore the intrinsic genomic mechanisms affecting M2 macrophage infiltration, with the aim to provide a potential therapeutic target of immunotherapy for bladder cancer.

In conclusion, the present study demonstrated that M2 macrophages were the predominant tumor-infiltrating immune cells in bladder cancer. Their infiltration was associated with the histologic grade, pathologic stage of bladder cancer and 'basal' subtype of MIBC, as well as prognosis of patients. Differentially expressed miRNAs, associated with cancer-specific genomic alterations, may be important drivers of M2 macrophage infiltration, which may serve as a potential immunotherapy target for bladder cancer.
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Analysis of immune landscape associated with bladder cancer histologic grade. (A) Heatmap showing the immune infiltration landscape between bladder cancer samples of different grades from TCGA database. Immune cell types were defined by specific gene markers. (B) Immune infiltration landscape analyzed by ssGSEA score-based method in bladder cancer samples from TCGA dataset. (C) Immune infiltration patterns analyzed by CIBERSORT method in bladder cancer samples with different grades from TCGA dataset. (D) Macrophage and M2 macrophage infiltration profiles assessed by ssGSEA in bladder cancer samples of different grades from the GSE32894 validation dataset. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001, with comparisons indicated by brackets. TCGA, The Cancer Genome Atlas; ssGSEA, single-sample geneset enrichment analysis; CIBERSORT, Cell type Identification By Estimating Relative Subsets Of known RNA Transcripts; ns, not significant.
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Immune infiltration profile in bladder cancer associated with pathologic stage. (A) Heatmap showing the immune infiltration patterns in bladder cancer samples with different stages from TCGA dataset. Immune cell types were defined by specific gene markers. (B) Immune infiltration patterns analyzed by ssGSEA score-based method in bladder cancer samples from TCGA dataset. (C) Immune infiltration patterns analyzed by CIBERSORT method in bladder cancer samples with different stages from TCGA dataset. (D, E) Macrophage and M2 macrophage infiltration profiles estimated by ssGSEA in bladder cancer samples with different stages from the GSE32894 and E-MTAB-1803 validation datasets. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001, with comparisons indicated by brackets. TCGA, The Cancer Genome Atlas; ssGSEA, single-sample geneset enrichment analysis; CIBERSORT, Cell type Identification By Estimating Relative Subsets Of known RNA Transcripts; ns, not significant.
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![High M2 macrophage infiltration is associated with poor survival in bladder cancer patients. (A) Kaplan-Meier curves for overall survival in the high (above median) and low (below median) level groups for macrophage or M2 macrophage in bladder cancer based on TCGA dataset. (B) Disease-specific survival analysis between samples with different macrophage or M2 macrophage infiltration levels based on GSE32894 dataset. (C) Validation analysis of macrophage or M2 macrophage infiltration-related overall survival in E-MTAB-1803 dataset. TCGA, The Cancer Genome Atlas; Mac, macrophage.](or-42-02-0581-g04){#f3-or-0-0-7196}

![Validation analysis of macrophage and M2 macrophage infiltration in bladder cancer. (A) Heatmap showing macrophage and M2 macrophage infiltration profiles in 10 bladder cancer samples, based on ssGSEA score-computing RNA-seq gene expression. (B) IHC staining with CD68 and CD163 antibodies to determine macrophage and M2 macrophage infiltration, respectively, in two representative samples. (C) Correlation analysis comparing the consistency of the two methods (ssGSEA and IHC) for estimating macrophage and M2 macrophage infiltration levels. (D) IHC assay of microvessel density (staining for CD31) in a set of bladder cancer samples with different grades, stages and infiltrations of M2 macrophages. ssGSEA, single-sample geneset enrichment analysis; RNA-seq, RNA sequencing; IHC, immunohistochemistry; NMIBC, non-muscle invasive bladder cancer; MIBC, muscle invasive bladder cancer.](or-42-02-0581-g05){#f4-or-0-0-7196}

![M2 macrophage infiltration varies by molecular subtype in MIBC. (A) Comparison of macrophage and M2 macrophage infiltration in MIBC samples with different molecular subtypes from TCGA dataset. (B) Validation analyses of macrophage and M2 macrophage infiltration profiles in MIBC samples with different molecular subtypes based on the E-MTAB-1803 and (C) GSE32894 datasets. The immune infiltration levels were estimated by the ssGSEA-score method. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001, with comparisons indicated by brackets. MIBC, muscle invasive bladder cancer; TCGA, The Cancer Genome Atlas; ssGSEA, single-sample geneset enrichment analysis.](or-42-02-0581-g06){#f5-or-0-0-7196}

![M2 macrophage infiltration is associated with specific mutations in bladder cancer. (A) Analyses of M2 macrophage infiltration profiles in bladder cancer samples with various mutant statuses from TCGA dataset. (B) Validation analyses of M2 macrophage infiltration profiles in samples with FCFR3 and TP53 mutant statuses from the E-MTAB-1803 and (C) GSE48277 datasets. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001, with comparisons indicated by brackets. TCGA, The Cancer Genome Atlas; RB1, RB transcriptional corepressor 1; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α; KMT2A, lysine methyltransferase 2A; KDM6A, lysine demethylase 6A; FGFR3, growth factor receptor 3; ELF3, E74-like ETS transcription factor 3; PSIP, PC4 and SFRS1 interacting protein 1; TMCO4, transmembrane and coiled-coil domains 4; APOBEC, apolipoprotein B mRNA editing enzyme catalytic-polypeptide-like; ns, not significant.](or-42-02-0581-g07){#f6-or-0-0-7196}

![M2 macrophage infiltration is associated with specific copy number alterations in bladder cancer. (A) Analyses of M2 macrophage infiltration profiles in bladder cancer samples with specific amplification of gene copy number from TCGA dataset. (B) M2 macrophage infiltration profiles in bladder cancer samples with specific deletion of gene copy number from TCGA dataset. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001, with comparisons indicated by brackets. TCGA, The Cancer Genome Atlas; FGFR3, growth factor receptor 3; ERBB2, erb-b2 receptor tyrosine kinase 2; BCL2L1, BCL2-like 1; TERT, telomerase reverse transcriptase; YWHAZ, tyrosine-3-monooxygenase/tryptophan-5-monooxygenase activation protein ζ; CDKN2A, cyclin-dependent kinase inhibitor 2A; CREBBP, CREB binding protein; ARID1A, AT-rich interaction domain 1A; FHIT, fragile histidine triad diadenosine triphosphatase; PDE4D, phosphodiesterase 4D; RAD51B, RAD51 paralog B; NCOR1, nuclear receptor corepressor 1; PTPRD, protein tyrosine phosphatase receptor type D.](or-42-02-0581-g08){#f7-or-0-0-7196}
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M2 macrophage infiltration is associated with differentially expressed miRNAs in bladder cancer. (A) Analyses of miRNA expression in bladder cancer samples with specific mutant status form TCGA dataset. (B) Correlation analyses between M2 macrophage infiltration and miRNA expression. (C) Analyses of miRNA expression in bladder cancer samples with different grades from TCGA dataset. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001, with comparisons indicated by brackets. miRNA, microRNA; TCGA, The Cancer Genome Atlas; ns, not significant.

![](or-42-02-0581-g09)

![](or-42-02-0581-g10)

###### 

Macrophage and M2 macrophage infiltration in bladder cancer samples as analyzed by immunohistochemistry staining.

                 CD68 expression   CD163 expression                     
  -------------- ----------------- ------------------ ------- ---- ---- -------
  Sex                                                                   
    Male         21                14                 0.740   20   15   0.522
    Female       9                 4                          9    4    
  Age (years)                                                           
    ≥60          22                8                  0.066   21   9    0.127
    \<60         8                 10                         8    10   
  Grade                                                                 
    Low-grade    6                 12                 0.002   5    13   0.001
    High-grade   24                6                          24   6    
  Invasiveness                                                          
    NMIBC        10                10                 0.019   9    11   0.008
    MIBC         19                3                          19   3    

NMIBC, non-muscle invasive bladder cancer; MIBC, muscle invasive bladder cancer.
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